By using the authentic anomers of D-glucopyranose under conditions limiting mutarotation, it was found that the condensation reactions catalyzed by glucoamylase require a donor substrate of specific configuration.
INTRODUCTION
The condensation of D-glucose to isomaltose plus lesser amounts of other glucosa.ccharides catalyzed by crude1-6 ) or highly purified7-6) mold glucoamylases has been reported since 1952. Such condensation reactions by gluco amylases involved a prolonged incubation of enzyme with concentrated solutions of sugar (D-glucose) as a mixture of anomers. Two laboratories3,6,7) identified maltose (but found p-glucobioses also) among the products accom panying isomaltose in reversions by crude glucoamylase preparations. However, the maltosidic bond formation was not observed by other groups8-10) in reversions catalyzed by purified glucoamylases.
In 1969, HEHRE et al.11) first reported that crystalline glucoamylase from Rhizopus niveus catalyzed the rapid synthesis of maltose and a slower synthesis of isomaltose specifically from p-D-glucopyranose in very brief incubation. In the same year, WATANABE et al. 12) reported that maltose was conclusively identified (as the crystalline acetate) among various a-glucosac charides accompanying isomaltose in 4-day reversion mixtures of D-glucose with purified Rhizopus niveus and Endomyces sp. glucoamylases.
The present paper describes the enzymic reversion mechanism by purified glucoamylase from Trichoderma viride.
MATERIALS AND METHODS
Enzyme. Glucoamylase was purified by the same procedures as described in the preceding paper.13) The purified enzyme preparation showed a single protein band on polyacryl amide disc electrophoresis.
Properties of this enzyme were described previously.13,14) Solu tions containing 0.5 mg enzyme per 100 ul of 0.02 M acetate buffer, pH 5.0 were used.
Substrates. Crystalline a and p-D-glucopyranose were kindly supplied by Tokai Togyo Identjfication of reversal products. Qualitative tests on the saccharides in these concentrates were made as follows. Samples, generally con taining products derived from 3 mg n-glucose were chromatographed on Whatman No . 1
paper by the descending technique (40 hr), using the same solvent system as above. Stand ards included isomaltose and kojibiose (gifts of Dr. K. Matsuda, Tohoku University) ;
glucose and maltose (commercial guaranteed reagents).
Analyses of configuration of D-glucose units in reaction products were made with the aid of a highly purified preparation of a-glucosidase (transglucosyl-amylase) of Candida tropicalis var. japonica, assaying 3,000 units per ml, which was kindly supplied by Dr. T . Sawai As in the case of Bhizopus niveus glucoamylase,11 a highly purified T. viride glucoamylase was found to catalyze the rapid synthesis of maltose and isomaltose specifically from 13-D-glucopyranose. That formation of the a-glucosidic bonds of maltose and isomaltose specifically requires condensation of the hemiacetal of the p-D-glucopyranose corresponds to the evidence of formation of 13-D-glucopyranose as the sole hydrolysis product of the enzyme action. 13) The most important finding is that the con densations of -D-glucopyranose to maltose and isomaltose involve configurational inversion. This suggests that the glucosylic bond is split and the D-glucopyranosyl group transferred. Thus, the enzymic condensation mechanism by T. viride glucoamylase is one of glucosyl trans fer, and supports the generality of the glycosyl hydrogen interchange (glycosylation) model proposed by HEHRE et a1.21) for the action of carbohydrase.
